S
tructural changes in small arteries and arterioles leading to smaller lumen and reduced maximal dilation are commonly seen in chronic hypertension in both patients and mice. 1, 2 These changes include various combinations of inward remodeling, hypertrophy, and increased stiffness depending on the vessel caliber and form of hypertension. Such changes are of particular importance because, although they can protect the downstream circulation against elevated pressure, they can be maladaptive, adversely affecting local blood flow by decreasing microvascular pressure and maximal vasodilator capacity, thereby contributing to an increased risk of vascular events. [3] [4] [5] Mechanisms that control the development of such changes in arterial structure, particularly genetic determinants, are still poorly defined.
Cerebral small vessel diseases (cSVDs) are involved in about one-fifth of all strokes and account for ≤45% of cases of elderly dementia. The majority of cSVDs are sporadic, with age and hypertension deemed the most important risk factors. 6 CADASIL (Cerebral Autosomal Dominant Arteriopathy With Subcortical Infarcts and Leukoencephalopathy), caused by dominant mutations in the NOTCH3 receptor, is the most common inherited cSVD. 7, 8 Remarkably, CADASIL shares many of the clinical and pathological features of sporadic forms of cSVDs, except for its earlier age of onset and common occurrence in normotensive individuals. 7 The well-established TgNotch3 R169C mouse model of CADASIL expresses an archetypal CADASIL-associated NOTCH3 mutation that does not affect Notch3 signaling in vitro. 9, 10 TgNotch3 R169C mice recapitulate the salient features of the disease, including deposition on brain vessels of the extracellular domain of NOTCH3 (Notch3 ECD ) and aggregates of other proteins in extracellular deposits called granular osmiophilic material. 11 Interestingly, TgNotch3 R169C mice exhibit a reduction in lumen diameter of maximally dilated cerebral arteries, despite the fact that blood pressure levels are normal, consistent with the clinical observation that CADASIL usually occurs in normotensive patients. 11 Also, cerebral arteries exhibit attenuated pressure-induced constriction (myogenic tone), and cerebral blood flow hemodynamics are compromised. 11, 12 Abstract-CADASIL (Cerebral Autosomal Dominant Arteriopathy With Subcortical Infarcts and Leukoencephalopathy), the most frequent genetic cause of stroke and vascular dementia, is caused by highly stereotyped mutations in the NOTCH3 receptor, which is predominantly expressed in vascular smooth muscle. The well-established TgNotch3 R169C mouse model develops characteristic features of the human disease, with deposition of NOTCH3 and other proteins, including TIMP3 (tissue inhibitor of metalloproteinase 3), on brain vessels, as well as reduced maximal dilation, and attenuated myogenic tone of cerebral arteries, but without elevated blood pressure. Increased TIMP3 levels were recently shown to be a major determinant of altered myogenic tone. In this study, we investigated the contribution of TIMP3 and Notch3 signaling to the impairment of maximal vasodilator capacity caused by the archetypal R169C mutation. Maximally dilated cerebral arteries in TgNotch3 R169C mice exhibited a decrease in lumen diameter over a range of physiological pressures that occurred before myogenic tone deficits. This defect was not prevented by genetic reduction of TIMP3 in TgNotch3 R169C mice and was not observed in mice overexpressing TIMP3. Knock-in mice with the R169C mutation (Notch3
R170C/R170C
) exhibited similar reductions in arterial lumen, and both TgNotch3 R169C and Notch3 R170C/R170C mice showed increased cerebral artery expression of Notch3 target genes. Reduced maximal vasodilation was prevented by conditional reduction of Notch activity in smooth muscle of TgNotch3 R169C mice and mimicked by conditional activation of Notch3 in smooth muscle, an effect that was blood pressure-independent. We conclude that increased Notch3 activity mediates reduction in maximal dilator capacity of cerebral arteries in CADASIL and may contribute to reductions in cerebral blood flow. (Hypertension.
We and others recently demonstrated that mutant Notch3 ECD triggers accumulation of vascular extracellular matrix proteins, including TIMP3 (tissue inhibitor of metalloproteinases-3), among others, which complex with Notch3 ECD and are further deposited in granular osmiophilic material. 13, 14 Importantly, we have established that an elevated level of TIMP3 plays a key role in myogenic tone deficits and altered cerebral blood flow hemodynamics in the TgNotch3 R169C CADASIL model. 15 However, mechanisms that control structural changes in cerebral arteries in this model remain to be elucidated. Specifically, whether this defect is related to vascular deposition of Notch3 ECD or extracellular matrix proteins is not known.
Recent reports have highlighted the role of the extracellular matrix, matrix metalloproteinases, and the actin cytoskeleton of smooth muscle cells (SMCs) in structural changes of small arteries leading to a smaller lumen. 2, 16, 17 TIMP3, like other members of the TIMP family, is a key regulator of extracellular matrix-degrading metalloproteinases. 18 Notably, complete elimination of TIMP3 in the mouse results in pathological dilation of mesenteric arteries with increased distensibility. 19 The Notch3 receptor is predominantly expressed in arterial SMCs and is a critical regulator of the developmental formation of small arteries, especially in the brain. 20, 21 Importantly, both in vivo and in vitro studies have documented a role for Notch3 in the rearrangement of the SMC cytoskeleton. 20 Motivated by these results, we here examined the possible role of TIMP3 and Notch3 signaling in mutant Notch3-mediated reductions in lumen diameter.
Methods

Experimental Animals
Genetically modified mice (Table) were bred and housed in pathogen-free animal facilities and fed a standard diet ad libitum with free access to water. All experiments were conducted in full accordance with French guidelines for the Care and Use of Laboratory Animals and were approved by the "Lariboisière-Villemin" Institutional Animal Care and Use Committee (C2EA 09), with every effort made to minimize the number of animals used. All mice were male, and all experiments were performed in accordance with ARRIVE guidelines (Animal Research: Reporting of In Vivo Experiments).
Statistical Analysis
Data are expressed as means±SEM. Myogenic tone, passive diameter, cross-sectional area of the vascular media, and incremental distensibility were analyzed by 2-way repeated-measure analysis of variance followed by a Bonferroni post hoc test. Gene expression levels and Notch3 ECD deposits were analyzed by the Student t test (2 groups) and 1-way analysis of variance followed by Bonferroni or Tukey post hoc tests (>2 groups). All statistics were performed using GraphPad Prism software. Differences with P values <0.05 were considered statistically significant.
A detailed description of experimental procedures is available in the online-only Data Supplement.
Results
Cerebral Arteries From TgNotch3 R169C Mice Are Less Distensible With Reductions in Maximal Dilation
We first sought to better characterize structural and mechanical properties of cerebral arteries in TgNotch3 R169C mice (Table) . Potential causes for reductions in lumen diameter of maximally dilated arteries include inward remodeling (smaller diameter at all pressures), hypertrophy (larger cross-sectional area that encroaches on the lumen), or reductions in distensibility (increased stiffness). 3, 4 As previously reported, 11 the passive diameter of cerebral arteries was significantly reduced in TgNotch3 R169C mice compared with nontransgenic mice, over a range of physiological pressures for the cerebral circulation (≈13% reduction at 50 mm Hg), but not at the lowest pressure (10 mm Hg). The external diameter was also significantly decreased, and the media thickness-to-lumen diameter ratio was significantly increased in TgNotch3 R169C mice at 50 mm Hg (Figure S1 in online-only Data Supplement). In contrast, the crosssectional area of the media was comparable between TgNotch3 R169C mice and wild-type littermates at all pressures ( Figure 1A) . Notably, the stress-strain curves were shifted to the left, and incremental distensibility was significantly reduced at 25 and 50 mm Hg ( Figure 1B and 1C ). Together these data suggest that the reduction in maximal dilation of cerebral arteries in TgNotch3 R169C mice is related to increased stiffness, although overt fibrosis had not been observed, even in aged mutant mice. 11 We next sought to determine the age of onset of these changes with respect to other disease manifestations. In mutant cerebral arteries, Notch3 ECD accumulation is detectable in animals as young as neonates, and granular osmiophilic material deposits are present from the age of 5 to 6 months. 11 We found that the passive diameter of cerebral arteries was already significantly reduced in 2-month-old TgNotch3 R169C mice compared with nontransgenic mice, although it was less reduced than that aged 6 months (≈6% versus 13% reduction at 50 mm Hg), noting that incremental distensibility was not significantly reduced at this age ( Figure 1D ). Interestingly, the myogenic tone of mutant arteries was unaffected at this age ( Figure 1E ). Thus, our results indicate that reduced maximal vasodilation in the TgNotch3 R169C model is an early and gradually progressive defect.
Elevated TIMP3 Does Not Mediate Impairment of Maximal Vasodilation in TgNotch3 R169C Mice
We next investigated the involvement of TIMP3 in the smaller lumen of TgNotch3 R169C cerebral arteries. To achieve this, we used gain and loss-of-function genetic-interaction approaches (Table) . We found that the passive diameter and stiffness of cerebral arteries were comparable in TgNotch3 R169C mice with normal expression of TIMP3 (TgN otch3 R169C ;Timp3 +/+ ) and TgNotch3 R169C mice with reduced expression of TIMP3 (TgNotch3 R169C ;Timp3 +/− ), the latter of which are notable for their rescue of myogenic tone observed in TgNotch3 R169C mice ( Figure S2A -S2C). 15 Moreover, the passive diameter of cerebral arteries was unaffected by genetic overexpression of TIMP3 in TgBAC-TIMP3 mice, which exhibited attenuated pressure-induced myogenic constriction ( Figure S2D ). Thus, excess TIMP3 does not contribute to the impairment of maximal vasodilation in the TgNotch3 R169C model.
Expression of Notch3 Target Genes Is Increased in Cerebral Arteries of TgNotch3 R169C Mice
We next evaluated the contribution of Notch3 signaling. To this end, we first analyzed the level of Notch3 activity in cerebral arteries of TgNotch3 R169C and nontransgenic littermate mice. To control for the potential confounding effect of Notch3 overexpression, we analyzed TgNotch3 WT mice, which overexpress similar amount of rat Notch3 protein, although with the wild-type sequence, and have preserved maximal vasodilation (Table) . On ligand binding, Notch receptors undergo several proteolytic cleavages that release the Notch intracellular domain, which translocates to the nucleus, where it complexes with RBPJ (recombination signal binding protein for immunoglobulin Kappa J) to form an active transcriptional complex that turns on the expression of target genes. 22 We recently identified a set of genes, including Notch3, HeyL, Nrip2, and Grip2, whose expression is regulated in SMCs of adult brain arteries by Notch3 activity. 21, 23 Quantitative reverse transcription polymerase chain reaction analysis of dissected cerebral vessels showed that, at 2 months of age, vascular expression levels of these genes were significantly upregulated in TgNotch3 R169C mice compared with TgNotch3 WT and non-Tg mice, with fold changes ranging from ≈1.4 to 1.7 ( Figure 2 ). Thus, these results indicate that expression of Notch3 target genes, an indicator of Notch3 activity, is increased by transgenic overexpression of the mutant R169C Notch3 but not by comparable overexpression of wild-type Notch3.
Cerebral Arteries of Notch3 R170C/R170C Mice Display Increased Expression of Notch3 Target Genes and Reduced Lumen Diameter
To determine whether the presence of the R169C mutation in the endogenous Notch3 locus is sufficient to produce these same alterations, we analyzed Notch3 R170C/R170C mice (Table) . At 4 months of age, Notch3 R170C/R170C mice exhibited robust Notch3
ECD deposition in cerebral arteries, with the extent of deposition approaching that observed in 2-monthold TgNotch3 R169C mice ( Figure 3A) . Importantly, we found that expression levels of Notch3, Nrip2, and Grip2 were significantly upregulated (1.2-to 1.3-fold) in cerebral arteries of Notch3 R170C/R170C mice; HeyL expression exhibited a similar trend, although this difference did not reach statistical significance ( Figure 3B) . Moreover, the passive diameter of cerebral arteries from 4-month-old Notch3 R170C/R170C mice was significantly decreased over a range of physiological pressures, although not at the lowest pressure, compared with Characterize mutant Notch3-induced structural changes ( Figure 1 ; Figure S1 ) and assess Notch3 activity in cerebral arteries ( Figure 2 Mice with targeted insertion of the R169C mutation into the endogenous Notch3 locus 10 Assess the consequence of the presence of the R169C mutation in the endogenous Notch3 locus on the cerebral arteries ( Figure 3 
Notch3
WT/WT littermate mice, noting that incremental distensibility was unchanged like in 2-month-old TgNotch3 R169C mice ( Figure 3C ). Together, these data confirm that the R169C mutation causes increased expression of Notch3 target genes and impairment of maximal dilator capacity in cerebral arteries.
Genetic Reduction of Notch Activity in Arterial SMCs Protects Against Smaller Lumen Diameters in TgNotch3
R169C Mice
We next sought to elucidate the contribution of elevated Notch3 activity to maximal vasodilation impairment caused by the Notch3 R169C mutant. Our previous work established that Notch3 is the predominant Notch receptor in SMCs of cerebral arteries and that RBPJ activity in these cells is predominantly mediated by Notch3 signaling. 24 Hence, we generated and analyzed TgNotch3 R169C mice with a tamoxifen-inducible deletion of Rbpj in SMCs together with their control TgNotch3 R169C and non-Tg littermates (Table) . Because Notch3 activity is critically required in the postnatal period, 21 deletion of Rbpj in SMCs was induced at 2 months of age (ie, after normal completion of arterial development), and thus, at the beginning of arterial changes ( Figure 4A ).
Quantitative reverse transcription polymerase chain reaction analyses of the Notch3-regulated genes, Notch3, HeyL, Nrip2, and Grip2, confirmed that Notch3 activity was reduced in cerebral arteries from 6-month-old TgN3
R169C
;Rbpj del-SMC and non-Tg;Rbpj del-SMC compared with TgN3
;Rbpj WT and nonTg;Rbpj WT mice ( Figure 4B ). As expected, the passive diameter of cerebral arteries was substantially reduced in 6-month-old TgN3
;Rbpj WT mice compared with age-matched non-Tg;Rbpj WT mice, indicating that tamoxifen treatment and differences in strain background did not affect the TgNotch3 R169C phenotype. Importantly, SMC deletion of Rbpj in TgNotch3 R169C mice (TgN3
;Rbpj
del-SMC
) from 2 to 6 months of age significantly attenuated the reduction in passive diameter, whereas Rbpj deletion in non-Tg mice (non-Tg;Rbpj
) had no significant effect ( Figure 4C ). It was noteworthy that the passive diameter of cerebral arteries from 6-month-old TgN3
R169C
;Rbpj del-SMC mice, in which Rbpj had been deleted from 2 months of age, was similar to that observed in 2-month-old TgN3
;Rbpj WT mice, suggesting that reducing Notch3 signaling halts the reduction in lumen diameter ( Figure 4D 
Activation of Notch3 in SMCs Mimics R169C Mutant Notch3-Mediated Structural Changes in Brain Arteries
We then investigated whether moderately elevating Notch3 activity in arterial SMCs was sufficient to recapitulate arterial changes as observed in TgNotch3 R169C mice. To this end, we developed a transgenic mouse model in which Notch3 becomes permanently activated in SMC on tamoxifen treatment (TgNotch3∆E
Act-SMC
; Table) . Previous reports have shown that truncated version of Notch receptors, including Notch3, in which the extracellular domain has been deleted (Notch3∆E) behaves as constitutively activated receptor. 25 We generated transgenic mice carrying such truncated version of Notch3 under the control of the well-characterized arterial SMC-specific SM22α promoter, 24 in which expression of the TgNotch3∆E transgene is repressed by a floxed stop codonbeta geo cassette, and obtained 2 lines (B and C) that we bred with the tamoxifen-inducible SMC Cre line, SMMHC-Cre ERT2 ( Figure S3A-S3C ). The SM22α promoter was chosen to achieve weak expression of the transgene and thus moderate activation of Notch3. 24 In the absence of tamoxifen, transgenic mice expressed β-galactosidase in brain arteries, albeit at a low level, but not the active Notch3 ( Figure S3D ). On tamoxifen treatment, the stop codon-beta geo cassette is excised ( Figure 5A ; Figure  S3E ), allowing expression of Notch3∆E in cerebral arteries, with an estimated mRNA expression level <20% that of endogenous murine Notch3 mRNA in both lines ( Figure 5B and 5C). Also, the Notch3-regulated genes Notch3, HeyL, and Nrip2 were upregulated in both TgNotch3∆E(B) Act-SMC and TgNotch3∆E (C) Act-SMC mice, with slightly higher upregulation in the TgNotch3∆E(C) Act-SMC line, whereas upregulation of Grip2 occurred only in TgNotch3∆E(C) Act-SMC mice ( Figure 5B and 5C ). These findings confirm that Notch3 signaling is activated in the cerebral arteries of both lines and suggest that Notch3 activation in the TgNotch3∆E(C) Act-SMC mice is slightly more pronounced, consistent with the higher expression of β-galactosidase and Notch3∆E in the TgNotch3∆E(C) line ( Figure S3D) . Notably, the increase in Notch3-regulated genes was between 1.3-and 1.6-fold in TgNotch3∆E
Act-SMC mice, the same range as that in cerebral arteries from TgNotch3 R169C mice, suggesting a comparable level of Notch3 activation in these 2 models. A further histological analysis of semithin sections of cerebral arteries from TgNotch3∆E
Act-SMC mice showed no overt alteration of SMCs in either line ( Figure S4) . Importantly, we found that the passive diameter of cerebral arteries was significantly reduced in TgNotch3∆E
Act-SMC mice of both lines, with a more pronounced reduction in TgNotch3∆E(C) Act-SMC mice, compared with WT littermates (Figure 5D and 5E). Cross-sectional area of the media was comparable between TgNotch3∆E(C) Act-SMC and WT mice ( Figure 5F ). Moreover, the stress-strain curve was slightly shifted to the left and incremental distensibility was significantly reduced at 25 mm Hg in TgNotch3∆E(C) Act-SMC mice ( Figure S5 ). Notably, resting arterial blood pressure was not altered in TgNotch3∆E(C) Act-SMC mice ( Figure S6 ). Thus, these results establish that moderate activation of Notch3 in arterial SMCs of cerebral arteries is sufficient to recapitulate structural and mechanical changes observed in TgNotch3 R169C mice. Collectively, our results suggest that the R169C Notch3 mutation increases Notch3 activity, and thereby causes reductions in maximal vasodilator capacity.
Discussion
A reduction in maximal dilation of cerebral arteries is an important feature in the well-established TgNotch3 R169C mouse model of CADASIL, a genetic paradigm of cSVDs. Because of the pathological importance of such alteration in general . and in particular in CADASIL owing to its occurrence in the context of unaltered blood pressure and compromised cerebral blood flow hemodynamics, we thought it especially important to understand its mechanism. There are several findings arising from the present study. First, cerebral arteries of TgNotch3 R169C mice display altered mechanical and structural properties consistent with an increased stiffness, although no overt change in the composition of arterial wall had been detected, at least by optical microscopy analysis. 11 On the basis of Poiseuille law, the magnitude of reduction in arterial caliber is expected ;Rbpj del-SMC were analyzed at 6 months of age for relative expression levels of Notch3, Nrip2, HeyL, Grip2, and TgNotch3 mRNAs in dissected cerebral arteries. . C, Passive diameter of the P2 segment of posterior cerebral arteries was determined in 6-month-old TgN3
R169C
;Rbpj del-SMC mice. Control groups used were as described in B (n=9-10 mice/genotype). **P<0.01, ***P<0. to have significant effects on vascular resistance, thus influencing local blood flow. Importantly, these alterations are similar to those reported in comparable cerebral arteries (second-order branches of posterior cerebral arteries and distal segments of the middle cerebral artery) of stroke-prone spontaneously hypertensive rats and hypertensive transgenic rats overexpressing mouse renin. 4, 26 Such reductions in lumen diameter can reduce both submaximal and maximal vasodilation. 27 Second, we unexpectedly found that an elevated level of TIMP3 does not contribute to these alterations, despite its key role in mutant Notch3-induced cerebrovascular dysfunction. Third, using 2 distinct mouse models, we established that the archetypal R169C Notch3 mutation is associated with reduced maximal dilation of cerebral arteries and increased Notch3 activity. Fourth, we identified increased Notch3 activity as a heretofore-unrecognized regulator of cerebral artery structure and mechanics and provided evidence for a causal relationship between increased Notch3 signaling and smaller lumen diameter of cerebral arteries in the TgNotch3 R169C CADASIL model. Before this work, CADASIL-associated NOTCH3 mutations have not been convincingly shown to alter Notch3 activity, apart from some uncommon mutations (present in ≈5% of families) located in or around the ligand-binding domain of Notch3 that unambiguously abrogate Notch3 signaling. 28, 29 Moreover, it was still unclear whether altered Notch3 signaling plays a role in disease manifestations. Here, we showed for the first time that R169C, an archetypal CADASIL mutation, increases Notch3 signaling activity in cerebral arteries. Importantly, the observation of unchanged Notch3 signaling activity in TgNotch3 WT mice, taken together with the finding of similarly increased Notch3 activity in the Notch3 R170C knock-in model, precludes the possibility of an effect of the mutation in the context of Notch3 overexpression. It is possible that the increase in Notch3 activity, which seems to be moderate in these 2 mouse models, has thus far gone essentially unnoticed because previous assays were inappropriate or insufficiently sensitive. The vast majority of CADASILassociated NOTCH3 mutations lead to an odd number of cysteine residues within Notch3 ECD , and the R169C mutation is located in the N-terminus of Notch3 ECD , a mutation hotspot. 8 Notably, this mutation has been identified in >35 CADASIL families worldwide and is associated with a typical phenotype. 28 We thus surmise that other CADASIL mutations may similarly increase Notch3 activity.
The mechanism of increased Notch3 activity in cerebral arteries of TgNotch3 R169C and Notch3 R170C/R170C mice is puzzling. Previous reports have shown that the R169C mutation does not affect Notch3 signaling in cultured cells. 9, 10 However, it is noteworthy that extracellular deposition of Notch3
ECD was not present in these in vitro assays. Recently, we showed that Notch3 ECD accumulation in CADASIL occurs independent of ligand binding, suggesting that it may instead arise from a defect in Notch3 receptor trafficking. 28, 29 In Drosophila, misregulation of endosomal trafficking of the Notch receptor had been linked to its aberrant activation, 30 a possibility that warrants investigation in CADASIL.
Our observation that genetic reduction of Notch3 signaling in TgNotch3 R169C mice protects these mice against reductions in vascular lumen diameter supports a causative role of increased Notch3 signaling in this type of structural change. However, interpretation of this genetic loss-of-function study is complicated by the fact that any pharmacological or genetic manipulation aimed at decreasing Notch3 activity inevitably decreases the expression of the Notch3 receptor, given that Notch3 expression is regulated by Notch3 signaling. 21 In fact, we found that TgNotch3 R169C mice in which we genetically reduced Notch3 activity (TgN3
;Rbpj ECD deposition and provide support for a causative role of increased Notch3 activity, although we cannot rule out the possibility that other factors may be in play.
As discussed above, the R169C mutation and all similar mutations are predicted to be associated with increased Notch3 activity and smaller lumen diameters, whereas mutations in the ligand-binding domain of Notch3 are predicted to be associated with reduced Notch3 activity and to protect patients against these changes (noting that CADASIL mutations are present in a heterozygous state, Notch3 activity is predicted to be half-reduced in these latter patients). If hypertension is present, reductions in lumen diameter of cerebral arteries are both protective of downstream microvessels and detrimental. However, in the absence of hypertension like in the TgNotch3 R169C model, it seems that these changes would only be detrimental. Therefore, the R169C mutation and all similar mutations are thus predicted to be associated with a more severe phenotype than those in the ligand-binding domain. Consistent with this prediction, our previous genotype-phenotype correlation study has revealed that CADASIL patients carrying a mutation in the mutational hotspot seem to have more severe cognitive decline than those with a mutation in the ligand-binding domain. 28 Further analysis of the pathological weight of such vascular changes on stroke and cognitive decline in CADASIL could be valuable, although such studies are limited by the lack of an appropriate experimental model.
Although the molecular details of the mechanism responsible for Notch3-mediated structural changes remain unsettled, our previous work showed that Notch3 activation promotes the robust formation of actin stress fibers in cultured SMCs. 20 Reductions in lumen diameter of maximally dilated arteries can be induced ex vivo by prolonged exposure of isolated arterial segments to vasoconstrictors. Importantly, studies using this paradigm have highlighted a role of the SMC actin cytoskeleton in the initial stage of the remodeling process, showing that smaller lumen diameter is associated with SMC actin polymerization and is reversed by actin depolymerization, with the possible involvement of the small GTPases, Rho/Rac/ Cdc42. 31 Further study will be necessary to elucidate the role of SMC actin polymerization in Notch3-induced lumen reduction and to establish mechanisms responsible for this effect.
Perspectives
CADASIL is a paradigmatic cSVD that commonly occurs in normotensive individuals. TgNotch3 R169C mice, a well-established model of CADASIL, develop reduction in lumen diameter of cerebral arteries in the absence of chronic hypertension, and the magnitude of the reduction is in the same range as that seen with chronic hypertension. This change, which reduces vasodilator capacity, may adversely affect local cerebral blood flow and thereby contributes to the disease phenotype; yet, the underlying molecular mechanisms have remained unknown. The current study highlights an association between an unsuspected increase in Notch3 activity and the R169C archetypal CADASIL mutation and uncovers a previously unknown role of increased Notch3 activity in structural changes that lead to smaller lumen diameter, that is, blood pressure-independent. We speculate that increased Notch3 activity and reduced vasodilator capacity are common features of many other CADASIL mutations. Further in-depth studies are needed to understand how increased Notch3 activity affects structure of cerebral arteries.
